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5¢-cap, 5’-UTR (untranslated region), ORF (open reading frame), 3‘-UTR, poly(A)-tail,

2

modified uridine, RNA sequence, codon-optimized sequence, and sequence elementsZF &
Afl

Conventional non-amplifying mRNA

5"UTR 3'UTR
g m‘*’G-pop-N(A)n 3

Cap
Self-amplifying mRNA (replicon)
5"UTR Subgenomic 3" UTR

’ promoter ‘
5’ m"'G-pr-NéEIE--EE--ﬁ- nsPd Antigen code (A), 3

nsP = non-structural proteins
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Blakney, A.K. et al. An update on self-amplifying mRNA vaccine development, vaccines 9, 97 (2021)
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Fang, E. et al. Advances in COVID-19 mRNA vaccine development, Signal Transduction and Targeted Therapy 7, 94 (2022)
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AP E 5118 BNT162b27%% i A9 1F A #%

SZMBAEHRENAR
BNTRE BB DT 554 in vitro expression (it VAR )

—o--o—/

A ERNE DT F3)A% in vitro translation (methionine labelling)

1. Lamb, Y. N. BNT162b2 mRNA COVID-19 Vaccine: First Approval, Drugs 81, 495-501 (2021)
2. www.ema.Europa.eu/en/medicines/human/EPAR/comirnaty @
3. www.ema.Europa.eu/en/medicines/human/EPAR/Spikevax
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HIERHEEH 2l
HiENEE  HESREAHEDPEHFHISER (B : parameters, acceptable range, and

action limitF & Kl
) Process Step Process controls
2-Step Reaction 1-Step Reaction
Step 1. In Viro Transcription K—_ [\ Vo s Gk IVT Process parameters:
' (in vitro Temperature, agitation rate,
DO .. reaction time, pH, feed
i transcription) (volume and timing) ...

m,m \' @
RNA Polymorase
[::’ v Process parameters:

Step 2 - Cupping - Cap analog Digestion Temperature, hold time...
In-process tests :

\ J Bioburden, endotoxin...
v
Vaccirsa Capping Erzyme. oo =TT

\“i"“’" eaa Purlﬁcatlon
C > |

Enzymatic .
| Capping Reaction |

,,,,,,,,,,,,,, o

1. WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases regulatory
considerations (2022) 10
2. Rosa, S. S. et al. mRNA vaccines manufacturing: Challenges and bottlenecks, Vaccine, 39, 2190-2200 (2021)




RERHEEH ZHM

by Process Step Process controls
.
1 Process parameters:
Buffer, volume, pH, feed flow
Tangential Flow rate, shear rate, transmembrane
. . pressure, RNA concentration,
Filtration (TFF) diavolume. .
. In-process tests:
o Bioburden, endotoxin...

Tangential Flow Filtration

Chromatogranh Process parameters:
. w o (eX' IEX Olgigop( d}:[‘) Buffer (type, pH, conductivity),

) ’ ’ sample load, RNA

lon Pair Reverse Phase Chror HIC, Capto Core concentration, flow rate,
oo Multimodal) column pressure. ..
7 : In-process tests:

‘O Bioburden, endotoxin...

An

ion Exchange Chromatography

Affinity Chromatography Temperature

o
E"‘i’ﬂ Q Drug substance Storage conditions:

1. WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases regulatory
considerations (2022) 11
2. Rosa, S. S. et al. mRNA vaccines manufacturing: Challenges and bottlenecks, Vaccine, 39, 2190-2200 (2021)
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polymerase, DNase, and proteinase) > analysis, )
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ie - Bl : BEEIES (cholesterol)

° },_:E,uﬁﬁﬁ%ﬂ@( BARRENREEEZME - Bl : #iHE (sucrose)
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1. WHO Guidelines on transmissible spongiform encephalopathies in relation to biological and pharmaceutical products (2003) @
2. EMA/410/01 rev.3 (2011)
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- ARREAR - J_ E e ER BRI - AR TS
5 ER R EH(RERE ORE - KEHSFER

- HAIDNA/K ?’Wf *&*”E(ﬁﬁﬁﬁ’ﬂ%ﬂ) plasmid map + PATH
TR E (R IR BE)FER

J/l\l:l

J mA

® i it JEE % 4 458
(5148 : Escherichia coli)

- WEYAE (EAERMERSTHR)
- i 5ll (Ekgenotypic testing)

« DNAER
i Hfiﬁﬂ

o 1FEZE (viability)
« B2 EE (plasmid retention)

- BHE2E=E (copy number)

ICH Q5D Quality of biotechnological products: derivation and characterization of cell substrates used for production of
biotechnological/biological products (1997)

®

A&z F3E i) DNA EEE/45 M E iR R

Identity Sequence Sequencing
f:;(;(l)l;d;ﬁﬁ ggil;zitl;eig Restriction map Restriction enzyme analysis with agarose gel electrophoresis
Concentration Plasmid concentration (A260)  Ultraviolet spectroscopy (UV)
Plasmid purity (A260/280) Ultraviolet spectroscopy (UV)
Plasmid topology Capillary electrophoresis (CE) or High-performance liquid
% Supercoiled form chromatography (HPLC)
% Linear form Capillary electrophoresis (CE) or High-performance liquid
(Linearization efficiency) chromatography (HPLC)
Puzity Residual host RNA High-perform.ance liquid chromatography (HPLC) or agarose gel
electrophoresis
Residual host DNA Quantitative PCR (qPCR)
Residual protein SDS-PAGE or Bicinchoninic acid assay (BCA)
Host cell protein Enzyme-linked immunosorbent assay (ELISA)
Residual kanamycin Enzyme-linked immunosorbent assay (ELISA)
Endotoxin thE2ZH1(3085), (3086), USP <85>, Ph. Eur. 2.6.14
Safety Bioburden thE22H1(3061), USP <61>, Ph. Eur. 2.6.12
Sterility ChEEZEBA(3071), (3072), USP <71>, Ph. Eur. 2.6.1
Appearance th#E#210(4973), (4974), USP <1>, <790>, Ph. Eur. 2.2.1,2.2.2
Other pH ChEEZEE0(1793), USP <791>, Ph. Eur. 2.2.3

1. USP Analytlcal procedures for mRNA vaccine quality (draft guidelines, 2" edition, 2023)
2. EDQM Guideline for Pandemic COVID-19 Vaccine (mRNA) (2022)
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5 — 2 - BEEmBSMHEGEASR T ZE=FURVHERAEE, -

A SR AR & P EIRE E

ZE2AETIRNEEFETIEHERIZFEESE (critical process
parameters © CPPs) M/ 5] B = o UERE - (BIAN : in vitro
transcriptionZt B Eddigestion¥ Bf 2 R E B IS 2 &)

RIETEN /RS

HERMNEBAEITSHEES Y U AUNEELTAE
mEBERER - EERREMEmMHEEE A EYBERAR -
O ZEI AREYEEZRE -

1. WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases regulatory
considerations (2022)

2. EMA Guideline on process validation for the manufacture of biotechnology-derived active substances and data to be provided in the 15
regulatory submission (2016)

Rt 8% BiE
FIIERHES
M ERIERAESE - BEmERMY - BT - 2RSS (process

characterization) ~ 2=/ 5 % (control strategy) = HEER -

[ What attributes should be measured"

Process Product Attributes Control Strategy
Deveiopment Abbreviations:
QTPP = Quality Target Product Profile
RRF = Risk Ranking and Filtering
CQA = Critical Quality Attribute
PC = Process Characterization
PV = Process Validation
CPP = Ciritical Process Parameter

Process Parameters

Late-Stage Process Process Process Performance Post-Submission
Development Characterization (PC) Qualification (PPQ) Lifecycle Management

1. Demmon S. et al. A cross-industry forum on benchmarking critical quality attribute identification and linkage to process characterization
studies, Biologicals, 67, 9-20 (2020)

2. ICH Q8(R2) Pharmaceutical development (2009)

3. ICH Q9(R1) Quality risk management (2023)

4. ICH Q10 Pharmaceutical quality system (2008) 16

5. ICH Q11 Development and manufacture of drug substances (chemical entities and biotechnological/biological entities) (2012)
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LU R 8BS BB mRNA R R 220 2 2 B 14

RNA content RNA purity
RNA sequence identity dsRNA species

CQAs (critical quality : : :
A RNA sequence integrity Shorter RNA species
5" capping efficiency
Poly(A) tail length

RNA structural integrity ~ RNA precipitates

pCQAs (potential critical Residual enzymes

quality attribute)
Residual host cell proteins
QAs (quality attribute) Residual DNA
HBFABBELERP
» Center Far Drun F':lv;zlu;ﬂinn @

Simon Daniel et al. Quality by Design for enabling RNA platform production processes, Trends in Biotechnology, 40, 10 (2022)

R 1S5 R A RIETE
R ER T R E 45l

o VE(EESMH
o —#R&ETE (5 -cap structure, 3’poly (A) tail)
- SMEGE (EBAMEE)

® E A ZE mHE A AEY)
« ZJIRNA
«  EIZAIRNA
« JEEMDNA 121

® EE5RY)
« B

o B HMERBRIENTE)

® REIfERE HERERRENTE)

1. WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases: regulatory
considerations (2022)

2. www.ema.Europa.eu/en/medicines/human/EPAR/comirnaty 18
3. www.ema.Europa.eu/en/medicines/human/EPAR/Spikevax
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DNA B ERF ; mRNA EF
TEE2MEFEPCR (QRT-PCR)
HINEICRE ; EICIRRDEA
JEE1E (agarose) X IR W ik P
(acrylamide) &2 &K - BIFEE
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AEEE X
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BE i

==
dsRNA Z=F4)% ; 5' cap B2LEE

RIVBR ; poly-A tail WE SRR DL
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RNA = * RNA A/\ * RNA
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WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases: regulatory

considerations (2022)
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WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases: regulatory

considerations (2022)
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o EENMERETAMEES
o EEMAMETE F AMERNA
o =BRIAMERE FAMEDNA
® 2= (DNAKNIRNAZE & B F1 PR &l i)
® DNA 1&E1)
® EEMIZEE
® EEEMIE
® mRNA R E&
® ZGRNA
® NE=
o EHEDFERNEMAMR

MM B RAEMRNATRFERN ALY 28 - LIEIRAS
Ao E2EEE 0 ZA K ENRERS 2 TEE - (EME
T4

1. WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases: regulatory

considerations (2022) 21
2. ICH Q6B Specifications: Test Procedures and Acceptance Criteria for Biotechnological/Biological Products (1999)

® ;A8 mRNA RRIZEAEERmMERBE RS - &
mikRl - AEE - B2 - MR - 22 HLK

O RR

ARE °

o i BRI 1T 7705 - WIREEDATIT R e e

® IR KU SR £ ERINE R ZILR D i A4S
oo

® S ERFIRG N - ZEMAERAVEE o

1. WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases: regulatory
considerations (2022) 22
2. ICH Q6B Specifications: Test Procedures and Acceptance Criteria for Biotechnological/Biological Products (1999)




mRNA sequence identity High throughput sequencing (HTS), sanger sequencing,
confirmation reverse Transcriptase — PCR (RT-PCR)

Quantitative PCR (qPCR), digital PCR (dPCR),
ultraviolet Spectroscopy (UV)

Identity

Content RNA concentration

Capillary electrophoresis, capillary gel electrophoresis

Integrity mRNA intactness (CGE), agarose gel electrophoresis

Potency  Expression of target protein Cell-free translation or cell-based expression systems
Endotoxin ch2EZZH1(3085), (3086), USP <85>, Ph. Eur. 2.6.14
Safety . chEEZEE1(3061), USP <61>, <62>, <1115>, Ph. Eur.
Bioburden
2.6.12
ChEE22H4(4793), (4794), USP <790>, Ph. Eur. 2.2.1,
Appearance
222
- Residual solvents (if applicable) ChEEZ2H0(2467), (2468), USP <467>
er n
pH chEE2%H8(1793), USP <791>, Ph. Eur. 2.2.3

[}
+

ChEEZEEA(1911), (1913), USP <911>, <912>, Ph. Eur.
2.29,2.2.10

1. USP Analytical procedures for mRNA vaccine quality (draft guidelines, 2" edition, 2023)

2. EDQM Guideline for Pandemic COVID-19 Vaccine (mRNA) (2022)

3. WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases regulatory 23
considerations (2022)

Viscosity (if relevant)

MR8

Reverse-phase liquid chromatography mass
spectroscopy (RP-LC-MS/MS), ion pair reversed-
phase high-performance liquid chromatography
(IP-RP-HPLC)

Ion pair reversed-phase high-performance liquid
chromatography (IP-RP-HPLC)

5’ capping efficiency

3’ poly(A) tail length

Product related impurities — dsRNA (if Immunoblot, enzyme-linked immunosorbent assay
applicable) (ELISA)
; Product related impurities — aggregate Size exclusion-high-performance liquid
Purity ©  quantitation chromatography (SEC-HPLC)

Product related impurities - percentage of

Reysnsi GIRA Reversed-phase HPLC (RP-HPLC)

Process related impurities-residual DNA

sl Quantitative PCR (qPCR)

Process related impurities - quantitation of Reverse-phase liquid chromatography mass
free/non-incorporated nucleosides spectroscopy (RP-LC-MS/MS)

Process related impurities - residual T7 RNA

L —— Enzyme-linked immunosorbent assay (ELISA)

1. USP Analytical procedures for mRNA vaccine quality (draft guidelines, 2" edition, 2023)

2. EDQM Guideline for Pandemic COVID-19 Vaccine (mRNA) (2022)

3. WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases regulatory 24
considerations (2022)




HIRREmA B R E

o ZEEA BRI ZEEHER A & 4802 B LR (BEETER ARG BEE(E
BRn -~ fE - EVEYE - FAIMZESE S EETTSE S LT -
Iz 7R B E‘tyﬁE’J’f«uuﬁﬂ%WﬁBﬁ,ﬂﬁ SEm - ZNEERIREMEER
AL EESEEMREm@mENER - FRERERENITHNSER
HE o

® LHEFITERNEFITEm - AfFR— AL IBIZ%E G (primary
reference standard) AR IE N ET B8R £ qREl AR £ B8R % i

(secondary reference standard) °

o _RHWTEMEEEEE - &kl - WRIBERET - t?tb_"&ﬂ,ﬂi’\ =
EmEREEES XEAE— &%}‘,m’f A T ELERAERD ©
WM _ARSEZRERBRBFSEEHEMET (requalified) °

o TEERIERN N - DUBAREN (BN : international unit - 1U) FT/R1,
R BANREERARERZNREAGER - UK RS fEHEE
s A8 Uil 2E ERVAH[E B[R AS Y A B 2=

1. ICH Q6B Specifications: Test Procedures and Acceptance Criteria for Biotechnological/Biological Products (1999) @
2. ICH Q7 Good manufacturing practice guide for active pharmaceutical ingredients (2000)

A

BEadIZ 24 (AU : container or bag)

&R
BUSRR

KT (Dimensions )

mEEHl - IR ()
S hm X #4E = (Certificate of analysis, COA)
& 1878 8H (Certificate of conformance, COC)

® 0214 (leachables) A 0]/ 14 (extractables) HT 5T

o o o
aa i

}

>
I

23S

1. USP <661> Plastic packaging systems and their materials of construction (2020)
2. USP <1663> Assessment of extractables associated with pharmaceutical packaging/delivery systems (2020)
3. USP <1664> Assessment of drug product leachables associated with pharmaceutical packaging/delivery systems (2020)
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o ZEMBHFIESE
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o REAZEMAER (B0 : -20 £ 5°C)
® NiE% MR

® BRALE MR
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® (e e i

® & mBta SRol E s = B el B

ZEBLZE MG EE REE
BFENAEESVENT XU ERRB ZE R E M e 2R
WiRAZE MR ERAREIER  AESEER - plltRE | AR EIASE
BEREBLRE - BERPRELELIERKE -

1. WHO Guidelines on stability evaluation of vaccines (2011)

2. ICH Q5C: Quality of Biotechnological Products, Stability Testing of Biotechnological/Biological Products (1995) @
3. ICH QI1B: Stability Testing: Photostability Testing of New Drug Substances and Products (1996)
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Fang, E. et al. Advances in COVID-19 mRNA vaccine development, Signal Transduction and Targeted Therapy 7, 94 (2022)
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HABR PR HEZRAIPPQ (Process Performance Qualification)
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® ‘BRI BRI RIZ L0 FE (Development scale to commercial
scale batches)

o ST (MMEME - EWEY - AREY)

® HENWATZEEBREAER

® ZEMA SR - sRHI[FAEFATIE (Forced degradation studies)
® {5 Side-by-side format

1. ICH QS5E Comparability of biotechnological/biological products subject to changes in their manufacturing process (2004)

2. www.ema.Europa.eu/en/medicines/human/EPAR/comirnaty
3. www.ema.Europa.eu/en/medicines/human/EPAR/Spikevax
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1. WHO policy statement: multi-dose vial policy (MDVP) handling of multi-dose vaccine vials after opening (2014)

2. PEEBBEE SRR (3051) FUAMAE IR B

3. www.ema.Europa.cu/en/medicines/human/EPAR/comirnaty
4. www.ema.Europa.eu/en/medicines/human/EPAR/Spikevax
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o0 28 Process Step Process controls
1\/.110.r0ﬂu1d1c technology RNA-loaded !_N Ps l Process parameters:
Lipids/ethanol Rapid Mixin Temperature, geometry/dimensions, flow

) ap o g rates, dilution ratio (jet), N/P ratio, lipid and
(Microfluidic RNA concentration, aqueous buffer (type,
or Jet_based) pH), mixing time, hold time...

In-process tests :
pH...
- Process parameters:
) Tangentlal Flow Buffer, volume, feed flow rate, shear rate,
RNA/ buffer solution . . .
_| |_ oo m.\\_/ .. moum | Filtration (TFF) or transmembrane pressure, diavolume,
Y i ©) | Ultra-Filtration temperature...
Y Q S In-process tests:
ot Vour Jour pH ..
@) T-junction b) HFF ¢} SHM d) Baffle e} Bifurcation

Impingement Jet Mixer T e
ping Process parameters:

P mRNA Buffer, mixing time, mixing speed...
[ In-process tests:
RNA content...
Sterile Filtration
R, Process parameters:
Aseptlc Fllhng Hold time, temperature...
. In-process tests:
Lipid v Filter integrity...
Nanoparticles Drug Product

1. Maeki, M. et al. Microfluidic technologies and devices for lipid nanoparticle-based RNA delivery, Journal of Controlled Release, 344, 80-96 (2022)
2. Lopes, C. et al. Microfluidic production of mRNA-loaded lipid nanoparticles for vaccine applications, Expert opinion on drug delivery, 19, 1381-1395 (2(22)

3. https://www.rubiconscience.com.au/2021/04/20/knauer-develops-impingement-jets-mixing-technology-for-the-production-of-mrna-filled-nanoparticles/
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Criticality DP attributes LB P vy e Additional attributes and
level compendial testing
RNA content Lipid—RNA species impurity Immunogenicity

ini Pot in vitr ion/ in vitr
Linid content otency/ 0 expression/ 0

translation
CQAs LINP size Endotoxins
(critical LNP polydispersity Bioburdens
quality -
attribute) LNP surface charge Sterility
Lipid identity pH
RNA encapsulation Osmolality
Particulate matter
pCQAs Individual lipid impurities LNP morphology
(potential Total lipid impurities
critical :
quality Residual solvent
attribute) Additional residual impurities
QAs (quality Appearance
attribute) Viscosity

1. Simon Daniel et al. Quality by Design for enabling RNA platform production processes, Trends in Biotechnology, 40, 10 (2022) @
2. www.ema.Europa.eu/en/medicines/human/EPAR/Spikevax
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mRNA-loaded LNP intermediate (A EZE &M Spikevax = & A1)

® Characterization

mRNA encapsulation (absorbance assay), sub-micron LNP size distributions, sub-visible
particles size distribution, sub-visible particle concentration, surface characterization,
surface charge, and in vitro protein expression.

® Specification
Appearance
* mRNA identity by reverse transcription/Sanger sequencing
» Total RNA content by anion exchange chromatography
RNA purity and impurities by RP-HPLC
* 9% RNA encapsulation by absorbance assay
Mean particle size and polydispersity by DLS
* Lipid identity by UPLC-CAD (SM-102, cholesterol, DSPC, PEG2000-DMG)
* Lipid content by UPLC-CAD (SM-102, cholesterol, DSPC, PEG2000-DMG)
* Lipid impurities by UPLC-CAD (% individual impurities and sum of impurities)
- pH
*  Osmolality
Bacterial endotoxins
Bioburden

® Stability studies

1. EDQM Guideline for Pandemic COVID-19 Vaccine (mRNA) (2022) @
2. www.ema.Europa.eu/en/medicines/human/EPAR/Spikevax
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WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases regulatory 34
considerations (2022)
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1.
2. Good manufacturing practices: supplementary guidelines for the manufacture of pharmaceutical excipients (1999)
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mRNA sequence identity

) confirmation
Identity

LNP component identity for each

Sanger sequencing, reverse Transcriptase — PCR (RT-PCR)

Reversed-phase high-performance liquid chromatography with
charged aerosol detector (RP-HPLC-CAD)

RNA concentration/RNA

encapsnulation efficiency
Content

Fluorescence-based assay

Reversed-phase high-performance liquid chromatography with

K¢ eomponent content for each charged aerosol detector (RP-HPLC-CAD)

: ) LNP size and polydispersity Dynamic light scattering (DLS)
ntegiity . . : . .
RNA size and integrity Capillary gel electrophoresis (CGE)
Product related impurities — Size exclusion-high-performance liquid chromatography
aggregate quantitation (SEC-HPLC)
Purit Product related impurities - Ion pair reversed-phase high-performance liquid chromatography
Y percentage of fragment mRNA (IP-RP-HPLC)

Reversed-phase high-performance liquid chromatography with

LNP impurities (if applicable) charged aerosol detector (RP-HPLC-CAD)

Potency  Expression of target protein Cell-free translation or cell-based expression systems

1. USP Analytical procedures for mRNA vaccine quality (draft guidelines, 2" edition, 2023)

2. EDQM Guideline for Pandemic COVID-19 Vaccine (mRNA) (2022)

3. WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases regulatory 36
considerations (2022)
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Quality | Atmibute | Methd

. Endotoxin ch#EZ281(3085), (3086), USP <85>, Ph. Eur. 2.6.14
Sterility chEEZ%H8(3071), (3072), USP <71>, Ph. Eur. 2.6.1
Appearance (visual / visible particles / ChEEZZH1(4793), (4794), USP <790>, <787>, Ph. Eur.
subvisible particles) 2.2.19,2.2.20
Residual solvents (if applicable) thEE228(2467), (2468), USP <467>
Osmolality ch#EZE 1 (1785), USP <785>, Ph. Eur. 2.2.35

Other Extractable volume ChEEEEEL (4697), USP <1>, <698>
Container closure integrity (stability only) USP <1207>
pH chEEZ280(1793), USP <791>, Ph. Eur. 2.2.3
Viscosity (if relevant) ;?2%3%;(11)911) (1913), USP <911>, <912>, Ph. Eur.
Residual moisture (if relevant) ChEEZEHA(1921), USP <921>, Ph. Eur. 2.5.32

® Analytical methods and method validation

® Batch analyses

® C(ertificate of analysis (COA)

® Justification of specifications
1. USP Analytical procedures for mRNA vaccine quality (draft guidelines, 2" edition, 2023)
2. EDQM Guideline for Pandemic COVID-19 Vaccine (mRNA) (2022)

3. WHO Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the prevention of infectious diseases regulatory 37
considerations (2022)
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o —#REIEE (BIA0 : vial, stopper, or seal)
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« RK~J (Dimensions )
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iR #E = (Certificate of analysis, COA)
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1. WHO policy statement: multi-dose vial policy (MDVP) handling of multi-dose vaccine vials after opening (2014)

2. USP <381> Elastomeric closures for injections (2020)

3. USP <382> Elastomeric closure functionality in injectable pharmaceutical packaging/delivery systems (to be official on 2025)
4. ICH Q1B: Stability Testing: Photostability Testing of New Drug Substances and Products (1996)
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1. WHO Guidelines on stability evaluation of vaccines (2011)

2. ICH Q5C: Quality of Biotechnological Products, Stability Testing of Biotechnological/Biological Products (1995)
3. ICH QI1B: Stability Testing: Photostability Testing of New Drug Substances and Products (1996)
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1. ICH Q5D Quality of biotechnological products: derivation and characterization of cell substrates used for production of

biotechnological/biological products (1997)
2. WHO Guidelines on transmissible spongiform encephalopathies in relation to biological and pharmaceutical products (2003) 40

3. EMA/410/01 rev.3 (2011)




Take Home Message
mRNABZEHWCMCESER !

® EXImRNAKBH S HEFNFERN - STBHNREERGETEEEMR
5] B AT (hold-time) - BEMITHREMIBRETBREBANYEL
EMHMMEYEFIRFERE - Al CEEA) . mRNAJRRIZE - hREES - Ao
73R (bulk formulation) ~ E&E Mo ~ BA - HEEDE -

® mRNAEMdAsSRNAAAEY) O] BE R +% 28RV 7c A 22 [ & (innate immune
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Disclaimer
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%Qﬁ)]is presentation was not officially cleared,
and the views offered here do not necessarily
represent the official positions at MOHW,
including TFDA.
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Outline

m The concept of mRNA vaccines
m Regulatory consideration
— Non-clinical evaluation of mRNA vaccines

m Nonclinical studies for an mMRNA vaccine
development
— Case study: Moderna COVID-19 Vaccines

— FIH-enabling studies recommended for

prophylactic mRNA vaccines for infectious
disease
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MRNA-LNP: a fast and module process

m  An exceedingly fast development timeline: Clinical testing of the first
mRNA vaccine candidate (mRNA-1273) began on March 2020, just 66

days after the SARS-CoV-2 sequence was publicly released on January
2020

— The development of vaccines for the human papillomavirus, shingles, and
pneuymococcal infections -- between 9 and 13 years -- McKinsey (October 2020)

— Thesecond candidates (BNT162b1 and BN162b2) entering into phase 1/2 clinical
trials only a month later

Plocess overview

Purification,
adjustment of
concentration,

filtration

DNA-Template-
manufacturing

Sterile filtration
~1-2d

& Fill & Finish
~1-2d

mRNA production LNP-Formulation
~1-2d ~2-3d

Quality control and
DNA final release

BIONTECH, GVIRF (2021) =AW ZD

~1-2d




The concept of mMRNA vaccines

The concept of mMRNA vaccines

The concept of MRNA vaccines
is the delivery of mRNA encoded
genetic information to the cells in
the body of the patient.

The body cells take up the mRNA
and produce the vaccine antigen
which stimulates the immune
system of the patient to elicit an
immune response.

Transfection
mRNA

Formulation 525

Vaccine mRNA

Invitro transcnbes mMnNA

UEEABTRLEER P
Center For Drug Evaluation

. Cytoplasm

~

Immune response

Vaccine antigen

Degradation by
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..—..:‘ ’ Protein classll
et Outer space
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exogenous
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\2 wprmpe processing

¢ GEED i e
elass il
Feap FUT 3y U Petpiaiad (%) Protein
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Antigen-coding sequence ﬂ_‘/’ — ! Golgi
— . @
4
Ribosome MHC
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DNA te te Endoplasmic reticulum

Body cell of the patient
GVIRF (2021)

©

mMRNA vaccines in clinical development against
common pathogens -- by the end of 2019

Table 1| Clinical trials of mRNA vaccines against infectious diseases beyond COVID-19

Funding Name Target Vaccine type Route of Clinical Clinical trial
source administration trial phase identifier
Modema mRNA-1647 (0% Nucleoside-modified mRNA-LNP  Intramuscular Phase I NCT04232280,
NCT03382405
Modema mRNA-1443 cmy Nucleoside-modified mRNA-LNP  Intramuscular Phase | NCT03382405
Modema mRNA-1893 Zika Nucleoside-modified mRNA-LNP  Intramuscular Phasel NCT04064905
Modema mRNA-1325 Zika Nucleoside-modified mRNA-LNP  Intramuscular Phasel NCT03014089
Modema mRNA-1653 hMPV/PIV3 Nucleoside-modified mRNA-LNP  Intramuscular Phasel NCT04 144348,
NCT03392389
Modemn> mRNA-1345 RSV Nucleoside-modified mRNA-LNP  Intramuscular Phase| NCT04528719
Moderaa, mRNA-1777 (V171) RSV Nucleoside-modified mRNA-LNP  Intramuscular Phasel Unregistered
Merck
Moderna, mRNA-1172(V172) RSV Nucleoside-modified MRNA-LNP  Intramuscular Phase| Unregistered
Merck
Modema mRNA-1851 Influenza A (H7NG) Nucleoside-modified mRNA-LNP  Intramuscular Phasel NCT03345043
(VAL-339851)
Modema mRNA-1440 Influenza A (H10NB) Nucleoside-modified mRNA-LNP  Intramuscular Phasel NCT03076385
(VAL-506440)
Moderna mRNA-1010 Influenza A (HIN1, Unknown Intramuscular Phase /1l NCT04956575
H3N2),influenza B
(Yamagata lineage,
Victoria lineage)
Translate Bio, MRT5400 Influenza A (H3N2) Unknown Intramuscular Phase| Unregistered
Sanofi
Translate Bio. MRT5401 Influenza A (H3N2) Unknown Intramuscular Phase| Unregistered
Sanofi
Moderna mRNA-1944 Chikungunya Nucleoside-modified mRNA-LNP  Intramuscular Phase | NCT03829384
Modema mRNA-1388 Chikungunya Nucleoside-modified mRNA-LNP  Intramuscular Phase| NCT03325075
(VAL-181388)
CureVac CV7201 Rabies Unmodified mRNA complexed Intradermal, Phasel NCT02241135
in RNActive intramuscular
CureVac CV7202 Rabies Unmadified mRNA-LNP Intramuscular Phasel| NCT03713086
G5K G5K3903133A Rabies Self-amplifying mRNA in cationic  Intramuscular Phase | NCT04062669
kAR nanoemulsion
Center For [ CMV, cytomegalovirus; GSK. GlaxoSmithKline; HIV, human immunodeficiency virus; hWMPY, human metapneumovirus; LNP. lipid nanoparticle; PIV3, parainfluenza @
virus type 3: RSV.respiratory syncytial virus. H
irus typ respiratory syncytial vir Nat ReV DI’Ug DISCOV (2021)
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ERZEEEKIE

n ZnElS s ER (I21Ek2021-09-14)
- M (EVERERECERN 2Rt ER - BEE%Em
» https://law.moj.gov.tw/LawClass/LawAll.aspx?pcode=L0030057
| WHO%udelines

guidelines on non-clinical evaluation of vaccines, Annex 1, TRS
o 927 (2005)
Qq,(b » https://[www.who.int/publications/m/item/annex1-nonclinical.p31-63
7" — Guidelines on the non-clinical evaluation of vaccine adjuvants and
adjuvanted vaccines, Annex 2, TRS No 987 (2014)

» https://www.who.int/publications/m/item/nonclinical-evaluation-of-vaccine-
adjuvants-and-adjuvanted-vaccines-annex-2-trs-no-987

— Evaluation of the quality, safety and efficacy of messenger RNA
vaccines for the prevention of infectious diseases: regulatory
considerations, Annex 3, TRS No 1039 (15 April 2022)

» https://www.who.int/publications/m/item/annex-3-mRNA-vaccines-trs-no-
1039
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Nonclinical evaluation of vaccines (1/3)

2.6.2 Pharmacology

Primary PD O |» POC:immunogenicity, challenge/protection
» Appropriate animal model (w/ justification)
» Characterization of the immune response
» Response to each antigen
* Adjuvant (Pharm, immunogenicity): justification
* New additive
* Combined vaccines/new combination

Safety Pharm | A |+ O, if adverse findings on vital organ systems were found in nonclinical
and/or human data
» Could be incorporated into repeated-dose toxicity studies
* Novel adjuvant

2.6.4 Pharmacokinetics

ADME X |* A Distribution
» Novel adjuvants
» Alternative routes
» New formulations

HBFABBELER P
B Center For Drug Evaluation @

Nonclinical evaluation of vaccines (2/3)

2.6.6 Toxicology (General framework, product-specific) (1/2)

Repeated dose | O |* Selection of species
toxicity » not necessary to use the same species for POC/PD studies
* 1 pivotal study in 1 species (justified)
*  (linical formulation; dose: MRHD (absolute), > HED (mg/kg, justified);
No. of doses: > human doses (N +1); time interval (not daily dose);
same route (device, if feasible) for human
> Novel adjuvant: include additional (lower and higher) doses of
adjuvant components
* Antigen, negative control, active control (formulation w/o Ag),
adjuvant alone
* New adjuvant (NCE)
* New additive (NCE)
* Combined vaccines/new combination/New single-component vaccine

Genotoxicity A |+ Novel adjuvant
* Novel additives

Carcinogenicity | X |* A Novel adjuvant and additives

HBFABESLER P
B Center For Drug Evaluation




Nonclinical evaluation of vaccines (3/3)

2.6.3 Toxicology (General framework, product-specific) (2/2)

Repro & A |* For WOCBP: EFD/PPND
Developmental e For pregnant women: prior to the study
* Dose: One or several additional doses during organogenesis (or priming
doses prior to mating - elicit peak Ab response)
* Adjuvant effects on early pregnancy: post-mating d1

Local tolerance | O |* Standalone or in repeated dose toxicity
 FullHD

* Adjuvant, adjuvanted vaccine

* Scoring (pre-defined system, e.g., Draize test)

mechanistic study may be necessary

Others A ' Immunological aspects of toxicity (e.g., vaccine induced autoimmunity,
hypersensitivity, etc.)
» Vaccine
» Adjuvant-related effects
* Alternative route
Novel adjuvant: further research for neonatal and elderly population

et 0: NRBMIZIER ZE R o RRERME X: "RNAREBMZIER ZE R

HBFABBELER P
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WHO - mRNA vaccines for the prevention of
infectious diseases

Annex 3 WHO, 15 April 2022

Evaluation of the quality, safety and efficacy of messenger
RNA vaccines for the prevention of infectious diseases:
regulatory considerations

m Scope: limited to mRNA and self amplifying mRNA (sa-
mRNA) packaged in LNPs for in vivo delivery of the coding
sequences of a target antigen relevant to active
immunization for the prevention of an infectious disease.

HBFABESLER P
B Center For Drug Evaluation @
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HMENNZZEN / BEWRE (1/4)
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HMENNZZEN / BIEHE (2/4)
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BN EEEPIE 2R S | F4E SR
— mRNA —E®SBHNAREAL  SEEEEENRERRE
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n HORBEREZERARPESREEBENREXIER
— mRNAZERHBEIFR R RREIES BRI TS FHE AWHO
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Moderna COVID-19 mRNA Vaccine

®  Brand name: Spikevax

m  COVID-19 mRNA Vaccine (nucleoside modified); Dispersion for injection
—  API: novel lipid nanoparticle (LNP)-encapsulated mRNA-based vaccine against SARS-CoV-2.
— 2 proline substitutions within the heptad repeat 1 domain (S-2P) to stabilize the prefusion conformation
m  Indications: Active immunization to prevent COVID-19 caused by SARS-CoV-2 (primary series, boosters)

m  mRNA content in DP* & administration: monovalent: 100 mcg/o.5 mL; IM *The bivalent finished product
contains a 1:1 ratio of the original and Omicron variant strains at a concentration of (50 mcg/50 mcg)/mL

Code Protein Str?m/ LNP Prln:lar#y Boosters?*
encoded variant series
Y v

Spikevax MANA
1273
Spikevax
bivalent MRNA-
Original/ 1273.214
Omicron BA.1
Spikevax
bivalent mMRNA-
Original/ 1273.222

Omicron BA.4-5

elasomeran SARS-CoV-2
SARS-CoV-2
elasomeran/ ~ SARS-CoV- Original/
imelasomeran 25-2P Omicron
BA.1
SARS-CoV-2
elasomeran/ Original/
davesomeran Omicron
BA.4-5

US* EU,  US* EU,
T™W ™
SM-102,
Cholesterol,
DSPC, ol
PEG2000 EU, TW
DMG
v d
US** uUs, EU, TW

#EERBUS, EU R EBEZ#E1ET; *The Moderna COVID-19 Vaccine is no longer authorized for use in the United
States; **for Individuals > 6 Months of Age Not Previously Vaccinated with a COVID-19 Vaccine

\- Center For Drug Evaluation

@25)

mMRNA-1273 vs bivalent mRNA-1273.214

Studies mRNA-1273 mRNA-1273.214
Primary PD O |+ Immunogenicity, challenge/protective * Anabbreviated nonclinical
efficacy, T-cell responses, vaccine program
associated ERD, etc. Primary PD
* Young/aged mice, Syrian golden ¢ Monovalent or bivalent
hamsters, NHP (rhesus macaques) vaccines, as primary series or
Secondary PD & |A |N/A boosters
safety pharm * Immunogenicity, antigen-
Tissue BD (" |O |+ mRNA-1647 (same LNP w/ mRNA-1273) reactive B cells, T-cell
. Rats responses,
- challenge/protective efficacy,
Repeated dose |O [+ 1product specific (non-GLP) otc.
toxicity & local * 6 non-product specific (same LNP; GLP) |. pice (BALB/c, K18-hACE2,
tolerance * Rats 129S2) and NHP (rhesus
Genotoxicity A |+ Invitro Ames, MN (novel excipient SM- macaques)
102; GLP) PK (new)
* Invivo MN (mRNA-1706; same LNP; GLP) |+ Metabolites profiling for SM-
DART A |+ mRNA-1273in rats (GLP) 102 (in vitro & in vivo, non-
* before mating x 2, during GD x 2 GLP)
«  Female fertility, EFD, PPND Tox (new)
* 8-week toxicity study of
Other stud A |N/A .
Stucy / mMRNA-1273 in the rats (GLP)

HEFABTESERP <
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Developmental strategy

Prophylactic vaccines modality is an example of how we
accelerate development of core modailities

The success from our COVID-192 Vaccine
allows us to move faster fo develop other
mMRNA vaccines

Next steps in our prophylactic vaccines modality
= COVID-19: Ongoing booster/variant studies

* Flu & RSV: Phase 2/3 preparation ongoing

= CMV: Plan to start a Phase 3 in 2021

» Zika: Phase 2 vaccine ongoing

= hMPV/PIV3: Phase 1 ongoing

= New combos: COVID-19/Flu and RSV/HMPV
preclinical development ongoing

= EBV, HIV and Nipah: In preclinical development
= More vaccines in development

UEEABTRLEER P
Center For Drug Evaluation
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21 Madena, Inc.
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® C
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FIH-enabling studies for prophylactic mRNA
vaccines for infectious disease

Studies Non-clinical studies for FIH study of mRNA vaccines
Primary PD O | POC: immunogenicity, challenge/protection efficacy: incl. neutralizing
Ab titer
* Risk assessment for VAED (optional; e.g., for SARS-CoV-2)
*  Th1/Th2

¢ Challenge: Lung pathology — Th1: 1 species; Th2: 2 species
* Adjuvant, new additive: Pharm

Safety Pharm A |e.g., O, if adverse findings on vital organ systems were found in
nonclinical and/or human data
* O:Novel adjuvant

Biodistribution O |Vaccine
* Novel adjuvants, alternative routes, new formulations

Repeateddose |0 |+ Clinical formulation; dose: MRHD (absolute), > HED (mg/kg,

toxicity justified); No. of doses: > human doses (N + 1); time interval (not
daily dose); same route (device, if feasible) for human

* Novel adjuvant, new excipient

Genotoxicity A |invitro
* Novel adjuvant, new excipient

Local tolerance | O | Pre-defined scoring system, e.g., Draize test

Other study A | Case-by-case (e.g., immunological aspects of toxicity)
B 0 FoNARMZER 28R o TRREEME X TR AERMZER 2 &k Z
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m “NEVER FOLLOW A REGULATORY
GUIDELINE IF THERE’S A GOOD SCIENTIFIC
RATIONALE NOT TO!!!”’ (EMA SME 2010)

« HEAHAR SARTEARRE
& Interacting with CDE! #1035 3CDERA 715

H /D\

— https://www.cde.org.tw/consultation services/
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Disclaimer

%ﬂﬁﬁﬁéﬁg%rﬁﬁﬁm,@$%
J\,b‘? ’b&‘?&é i}p“l‘ :bjg ©

Q{}I/'hls presentation was not officially cleared,
and the views offered here do not necessarily
represent the official positions at MOHW,
including TFDA.
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e

« WHO ” Evaluation of the quality, safety and efficacy of
messenger RNA vaccines for the prevention of infectious
diseases: regulatory considerations” (2021)

« EHEm 2RI RIS IEER R (2022)
» EMA: Draft guideline on clinical evaluation of vaccines; April
2018

» WHO: Guideline on clinical evaluation of vaccines: regulatory
expectations (Annex 9 of WHO technical report series, No. 1004);
2017

» WHO: Guideline on clinical evaluation of vaccines: regulatory
expectations (Annex 1 of WHO technical report series, No. 924);
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New Concept of Vaccine Trials

WHO: Annex 1, TRS 924, 2004 WHO: Annex 9, TRS1004, 2017

EMA 2005 EMA 2018 draft

 Comprehensive guidance of * Re-classify the clinical trials:

preclinical evaluation, clinical immunogenicity trial and

evaluation, and post- efficacy/ effectiveness trial

licensure studies and * Immunogenicity trials are

surveillance conducted at all stages of pre-
e Clinical evaluation includes licensure vaccine

Phase I, Il and Ill, bridging development

studies
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& | = oo < B PRI 24 SR g 15 2[R Hil (2022)
B EEREERGE RS R AR ~
o] PEER AR O | e - REAAAERTALE - SR REE
E& (Comparative PR EREE - B NEE
|mmun_ogen|C|ty c AEEMAR—EM - HESARE
L) BRI A RN DR IICP BT TS ERR )

= Eﬁ@ﬂl(Vaccme

%q'flcacy )1t B

- YR 2RI - Bfthe theE

« J& 5 £ F (Definition ) &2 Jm Bl HE 2 (Ascertainment)
« BB B RS (Duration of follow-up for efficacy)
« B (Analyses of efficacy): = ZIFIZE D

AUERERET: RUREM R E TR - T RIRER - BB R )

c ARSHZCHREBM: BRELAE (Solicited) EA A - QE‘“E%\
BMEEARSN (SAEs) URENUSEERZZHHRARSEH

< HEBIRZERRE-EIRITREEERED2(ER -
cARSEHZNE: ARG - BREE -~ EXNE
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R AR BB MRNAGE

A BE R E M FE(Adverse immune effect): W EBkEI= B SR/

s BRI REEE:

- REOFERENRERE  BURREERNEARENZES
E ARV RIFA]
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— RI#EEEE (epitope mimicry)IR2: HRFTRIBI/R
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— O2EZHEFEEREE
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. * sa-mRNA : self-amplifying mMRNA/B F #ZZmRNA
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R AR BB MRNABE
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